Validation of internal control genes for expression studies: effects of the neurotrophin BDNF on hippocampal neurons.
The stability of expression of an internal control is required for accurate and reliable normalization in quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR) experiments. However, expression of commonly used reference genes can be regulated under specific experimental conditions, particularly in response to stimuli that exert multiple effects on gene expression. The neurotrophin brain-derived neurotrophic factor (BDNF) regulates gene expression through activation of multiple signaling cascades, and we have conducted an expression study for the proper validation of internal control genes in BDNF-stimulated cultured hippocampal neurons. geNorm and NormFinder were applied to eight potential genes to identify the most stable genes to be used in the relative quantification of the effects of BDNF on gene expression. Our data show that Tbp (TATA box binding protein), Ppia (peptidylprolyl isomerase A), Pgk1 (phosphoglycerate kinase 1), and Hprt1 (hypoxanthine guanine phosphoribosyl transferase I) are the most stable genes under the experimental conditions used, contrasting with Tuba1 (tubulin alpha1-A chain) and Gapdh (glyceraldehydes-3-phosphate dehydrogenase), two genes widely used as control genes, which showed an unstable expression in hippocampal neurons stimulated with BDNF. Analysis of the BDNF-induced changes in expression of Sars, Tufm, and Egr3 by using different sets of control genes showed distinct results, with a combination of three to four of the genes Tbp/Ppia/Pgk1/Hprt1 providing the most consistent results. Our data reinforce the need for proper validation of the internal control genes for an accurate quantification of qRT-PCR results, particularly when analyzing cellular responses to agents (e.g., neurotrophins) that cause multiple changes in gene expression.